Abstract: Lateral hip pain in patients without significant osteoarthritis may be due to a number of different etiologies. Recent attention has been placed on the role of abductor tendon (gluteus medius and minimus) deficiency in these patients. These tears, analogous to rotator cuff tears in the shoulder, may cause pain, weakness, limp, and dysfunction. Mainstays of treatment include nonoperative treatment and, in select patients, operative fixation. This article presents an overview of management of patients with symptomatic, large, retracted, chronic tears of the abductor tendons. The highlighted repair is a "double-row" repair with biological patch augmentation.
L ateral hip pain, or greater trochanteric pain syndrome, is typically a chronic, disabling condition most common in middle-aged women. 1, 2 Although this condition has historically been attributed to trochanteric bursitis, recent evidence indicates that many cases are caused by tendinopathy and/or tears of the hip abductor muscles (gluteus medius and minimus). 1 In these patients, gluteal tears are caused by attritional tendinopathy, which may be analogous to rotator cuff tearsdresulting in hip abduction weakness against resistance and a Trendelenburg gait. [2] [3] [4] These injuries are often referred to as "rotator cuff tears of the hip" for these reasons.
Nonoperative treatment is first attempted for most cases. 5 This consists of activity modification, antiinflammatory treatment when permitted, and physical therapy for strengthening of the abductors and surrounding hip musculature. 6 Peritrochanteric cortisone injections and platelet-rich plasma injections 7 may also be useful for treating symptoms of pain, and these are performed under ultrasound guidance by experienced clinicians.
Surgery is considered for patients in whom exhaustive nonoperative treatment fails. The precise surgical technique depends on tear characteristics and surgeon comfort. For tears that are partial thickness, we believe that endoscopic treatment allows for optimal visualization and inspection of the tear, bursectomy of the inflamed tissue, and effective repair. Such partial tears are often difficult to visualize by gross inspection and require probing under endoscopic visualization. 1 Endoscopic treatment can also be effectively used for full-thickness tears that are minimally retracted. 6, [8] [9] [10] For tears that are large with retraction, we prefer to use an open technique, which allows for adequate soft-tissue mobilization, release of adhesions, and graft augmentation when necessary. 3 Open treatment is technically less demanding than endoscopic treatment, especially for surgeons who are not experienced with hip arthroscopy.
An emerging option to facilitate healing and enhance strength of repair is the use of a bioinductive implant. A variety of implant augmentation materials, including degradable, nondegradable, synthetic, and extracellular matrixebased patches, have been used clinically for massive rotator cuff repairs. 11 Recently, the use of highly purified type I collagen bovine Achilles tendon scaffolds on partial-and full-thickness rotator cuff tears has shown improved outcomes; the formation of mature, well-integrated tendon-like tissue; and increasing thickness of the supraspinatus tendon. 12, 13 Purified collagen lacks undesired impurities (elastin and hair follicles) commonly found in dermal implants and absorbs in 6 months without causing an inflammatory reaction.
14 Despite its widespread use in rotator cuff tears, this implant has not been heavily adopted in the hip; to date, only 1 article has described its use in an endoscopic repair of the gluteal tendons. 14 We describe a double-row open repair technique for a full-thickness gluteus medius and minimus tendon tear augmented with a bovine collagen patch.
Surgical Technique
A detailed description of the procedure is provided in Video 1. After informed consent is obtained, the patient is brought into the operating room and administered standard preoperative antibiotics. Our preference is to perform the operation with the patient in a lateral position so that the soft tissues can easily be retracted from the surgical field. Surgery can be performed with the patient under spinal anesthesia or general anesthesia. After administration of anesthesia, the patient is positioned lateral, by use of either a pegboard setup or a beanbag. The operative side is then prepared and draped, and a surgical pause is performed according to hospital protocol. A padded Mayo stand is also available for the operative foot to rest on, thereby providing abduction during the case (which relieves tension on the iliotibial band [ITB] ).
An 8-cm longitudinal incision centered over the greater trochanter is made with a No. 15 blade (Fig 1) . Sharp dissection is carried down to the deep fascia and ITB. The ITB and deep fascia are incised longitudinally in line with the long axis of the femur over the prominence of the greater trochanter to expose the trochanteric bursa. The overlying bursa is then resected, allowing identification of the gluteal tendons. 15 A "bald" trochanter is often encountered for large, retracted tears. The tear edges are grasped with an Allis clamp and mobilized down to the footprint to show reparability. To minimize resting tension of the repair, blunt mobilization of adhesions is performed using a Cobb device or the surgeon's finger. After mobilization of the tear (Fig 2) , the tendon footprint on the greater trochanter is decorticated with a round burr to facilitate tendon-to-bone healing.
For large, retracted tears, our preference is to repair the tendon in a "double row"eequivalent fashion. In this technique, 2 "medial"-row anchors are placed proximally on the footprint of the greater trochanter, with 2 "lateral"-row anchors placed more distally. The 2 medial-row, vented anchors (4.75-mm Healicoil; Smith & Nephew, Andover, MA) are placed after the bone is first prepared with a tap and punch. The anchors are preloaded with 4 suture strands (2 pairs, Fig 3) . The gluteus medius and minimus tendon tear leaflets are then secured with a running locking stitch and a mattress stitch from each of the anchors. The sutures are sequentially tensioned, reduced, and tied down to achieve a secure tendon-bone approximation (Fig 4A) with minimal tension. The strands are then incorporated, using a knotless technique, into the 2 lateral-row anchors as is typically performed in a rotator cuff repair (Multifix System; Smith & Nephew). The repair is dynamically visualized with hip internal and external rotation, showing compression to the footprint and movement as a single repair unit (Fig 4B) .
A 25 Â 31emm bovine bioinductive implant (Regeneten; Smith & Nephew) is positioned over the repaired tendon, with the distal end of the implant approximating the tendon footprint (Fig 5A) . The implant is secured to the tendon with a series of staples (absorbable polylactic acid copolymer; Smith & Nephew) used to secure the implant over the repair onto the gluteus medius and minimus tendons (Fig 5B) . The staples are positioned approximately 2 to 4 mm in from the edge of the implant and are spaced about 5 to 7 mm apart ( Fig  5C) . Approximately 9 staples are used to secure the implant. Care should be taken to ensure the staples do not interfere with the underlying repair.
After copious irrigation with saline and chlorhexidine gluconate 0.05% solution (Irrisept; Irrimax, Gainesville, FL), the limb is placed into internal rotation and neutral adduction for closure. The ITB and deep fascia are identified and closed anatomically using braided, absorbable suture. The deep and subcuticular dermal layer is then closed with absorbable suture (Monocryl; Ethicon, Somerville, NJ) and a topical skin adhesive (Dermabond; Ethicon). Sterile dressing is applied (Aquacel; ConvaTec, Princeton, NJ), the patient is extubated without complication, and the patient is transferred to the postanesthesia care unit in stable condition. Pearls and pitfalls can be seen in Table 1 .
Postoperatively, the patient is restricted to partial weight bearing (approximately 50%) with a walker and placed in a hip abduction brace (Ossur, Foothill Ranch, CA) for 6 weeks. Afterward, the patient may transition to full weight bearing as tolerated, with the goal of unassisted weight bearing by week 8. Progressive range-of-motion and isometric exercises are initiated 5 days after surgery with no resistive abduction exercises allowed for at least 12 weeks. The patient begins physical therapy 6 weeks after surgery and typically continues until 6 to 8 months postoperatively.
Discussion
Disorders of the abductor tendon complex are being increasingly recognized and managed. 3, 4 Several case series have reported good outcomes and clinical improvement after gluteal tendon repair. 3, 6, 8 Systematic reviews of open and endoscopic repair techniques have shown similar improvements in pain and function 6, 8 between the techniques. Although these studies showed a higher complication rate for open versus endoscopic repair, 6, 8 the lack of head-tohead trials and heterogeneity of tear pathology and repair technique make true comparisons challenging. However, for large, retracted tears, an open technique offers a comprehensive approach and treatment as described in this surgical guide.
The patch described in this article serves as a bioinductive implant with the goal of improving repair through enhanced vascularity. The goal of this patch, unlike a structural graft, is not to improve the strength of the repair but instead to improve the biology surrounding the repair. 11 This patch has shown improved outcomes; increasing supraspinatus tendon thickness; and the formation of mature, well-integrated tendonlike tissue in partial-and full-thickness rotator cuff repairs. 12, 13 The procedure described in this article does have notable risks and limitations. Patients are counseled on the risks of surgery including fracture of the trochanteric region after suture anchor placement, as well as infection, due to both the surgical procedure itself and the implants placed. Patients should be counseled that the patch used contains a bovine product and may preclude tissue and/or blood donation in the future. Additional risks are also discussed such as retear and the inability to improve pain or function to a satisfactory degree, along with standard risks related to general or spinal anesthesia. Care is also taken to counsel patients regarding realistic expectations postoperatively, especially patients who show a high degree of fatty atrophy of the abductor musculature preoperatively.
In conclusion, abductor tears of the gluteus medius and minimus may cause significant pain and weakness in affected patients. These tears may be effectively treated with a number of different techniques, both endoscopic and open. The technique described in this article is simple and effective in the treatment of large, retracted tears. Biological augmentation may be incorporated into treatment techniques to improve healing through enhanced vascularity. 
